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1,29650%8642032%15Management1.4

1,83050%1,2208,97030%6,900Main Injector RF Upgrade1.3.4

500100%250000NUMI Multi-batch Operation1.3.3

300100%150400100%200Main Injector Collimator1.3.2

60950%40629150%194Large Aperture Quads1.3.1

3,23960%2,0269,66132%7,294Main Injector  Upgrades1.3

36350%2429327%73Booster Instrumentation1.2.10

1,44050%9605,46030%4,200Booster Solid State RF PA's1.2.9

18050%12045050%300Booster RF Cavity #201.2.8

1550%101550%10Drift Tube Cooling1.2.7

9050%60000Alignment Improvements1.2.6

100100%50000Gamma-t System1.2.5

44760%2791,38835%1,03130 Hz Harmonic1.2.4

1,12457%71599558%629Corrector System1.2.3

33847%23136442%256ORBUMP System1.2.2

16550%110000Determine Rep Rate Limit1.2.1

4,26254%2,7778,76535%6,499Booster  Upgrades1.2

8050%5311430%88Linac Instrumentation Upgrade1.1.3

94250%62892550%617Linac Quad Power Supplies1.1.2

600100%3004,000100%2,000Linac PA Vulnerability1.1.1

1,62265%9815,03986%2,705Linac Upgrades1.1

10,41957%6,64823,48642%16,513Proton Plan1

SWF 
Total

SWF 
Cont

SWF 
Base

M&S 
Total

M&S 
Cont

M&S 
Base

DescriptionWBS
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1,316879241290348Management1.4

10,8008,1204003,6104,110Main Injector RF Upgrade1.3.4

5002505015050NUMI Multi-batch Operation1.3.3

7003500100250Main Injector Collimator1.3.2

90060000600Large Aperture Quads1.3.1

12,9009,3204503,8605,010Main Injector  Upgrades1.3

45631513382100Booster Instrumentation1.2.10

6,9005,1602,4802,6800Booster Solid State RF PA's1.2.9

63042000420Booster RF Cavity #201.2.8

30200020Drift Tube Cooling1.2.7

906003030Alignment Improvements1.2.6

100500050Gamma-t System1.2.5

1,8351,31001,16514630 Hz Harmonic1.2.4

2,1191,3440761583Corrector System1.2.3

70248600486ORBUMP System1.2.2

16511000110Determine Rep Rate Limit1.2.1

13,0279,2762,6134,7181,945Booster  Upgrades1.2

19414100141Linac Instrumentation Upgrade1.1.3

1,8671,2450997248Linac Quad Power Supplies1.1.2

4,6002,3005501,100650Linac PA Vulnerability1.1.1

6,6613,6865502,0971,039L inac Upgrades1.1

33,90423,1613,85410,9658,341Proton Plan1

TotalFY07FY06FY05

Total with Contingency
Base Estimate:
M&S and SWF

DescriptionWBS
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WBS Task Name

1 Proton Plan
1.1 Linac Upgrades

1.1.1 PA Vulnerability
1.1.2 Linac Quad Power Supplies
1.1.3 Linac Instrumentation Upgrade
1.2 Booster Upgrades

1.2.1 Booster Rep Rate Limit
1.2.2 ORBUMP System
1.2.3 Corrector System
1.2.4 30 Hz Harmonic
1.2.5 Gamma-t System
1.2.6 Alignment Improvements
1.2.7 Drift Tube Cooling
1.2.8 Booster RF Cavity #20
1.2.9 Booster Solid State RF Drivers
1.2.10 Booster Instrumentation

1.3 Main Injector Upgrades
1.3.1 Large Aperture Quads
1.3.2 Main Injector Collimator
1.3.3 NUMI Multibatch Operation
1.3.4 Main Injector RF Upgrade
1.4 Management
1.5 Major Milestones

1.5.1 Start Phase I
1.5.2 Scope Decision WBS 1.1.1 and 1.2.1
1.5.3 Start Phase II

1/3

7/1

11/30

N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N
2005 2006 2007
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13042.333.73.190---Ideal

9235.236.13.82Oct-06correctors

6029.536.13.85Oct-05ORBUMP

3224.336.13.88Oct-05Alignment

1421.036.13.810Oct-04Dogleg 13 Fix

018.440.84.510Oct-03Dogleg 3 Fix

-1515.745.86.210---Start of MiniBooNE

Increase (%)(π-mm-mr)(m)(m)(mm)Completed

RelativeAcceptancemax betamax DδADateCondition
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New corrector system11.014.61/2008

Alignment and ORBUMP10.413.01/2007

Effect of collimators, dogleg fix, plus some alignment9.310.71/2006

CommentFallback
Limit

(1E16 p/hr )

“ Design” Limit
(1E16 p/hr )

Date
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Booster Beam Limit

0.00E+00

2.00E+16

4.00E+16

6.00E+16

8.00E+16

1.00E+17

1.20E+17

1.40E+17

1.60E+17

1/1/2005 1/1/2006 1/1/2007 1/1/2008 1/1/2009 1/1/2010

Date

p
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n
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h

o
u

r

Design

Fallback

Phase I Phase II Phase III

Dogleg 
Improvements

ORBUMP 
Improvment

New Correctors
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Booster Repetition Rate

0
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1/1/2005 1/1/2006 1/1/2007 1/1/2008 1/1/2009 1/1/2010
Date

R
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e 
(H

z)

Phase I Phase II Phase III

Main Injector Load
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1.E+13

2.E+13

3.E+13

4.E+13
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Date
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Phase I Phase II Phase III
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5.0E+203.4E+202.0E+1711.06.1E+132.22+95.50E+1211 Hz

Beyond Scope of Present Plan

2.2E+203.4E+201.5E+178.36.0E+132.22+95.50E+12 Phase I I I

2.8E+202.2E+201.2E+177.53.7E+132.02+55.3E+12Phase I I

1.5E+202.0E+201.0E+176.33.6E+132.02+1�2+55.10E+12Phase I

Proton Plan

3.3E+2000.8E+175.10.5E+132.01+05.0E+12July, 04

Actual Operation

BNBNuMI(p/hr)(Hz)(protons)(sec)(AP + NuMI)

Annual Rate at  end of 
Phase

Total 
Proton 
Rate

Booster  
Rate*

MI  
Intensity

Cycle
Time

Main 
Injector  

Load

Booster
Batch Size



��������������� ���� 
���������������� ���
�� 4�

JJ� ��
!�� ��
!�KK " �����" �����

Average Weekly Rate
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BNB

Phase I Phase II Phase III

Cumulative Totals
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Phase I Phase II Phase III
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NuMI Totals

0.0E+00
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Delayed
No Slipstack
Design

Protons to BNB
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